The normal amount of sodium bicarbonate in the blood gives off about 65 c.c. CO2 per 100 c.c. of plasma. In a mild acidosis we get something between 40 and 50 c.c. In a moderate acidosis the figure is 30 to 40. The lowest figure which, I think, has ever been known is about 15, i.e., in a case in which the patient lived. This lowering of the NaHCO8 is often spoken of in a semi-learned way as " depletion of the alkaline reserve." All this means is that acids are formed in the body which combine with NaHCO8 and lower it. It is possible to get an acidosis in terms of the definition I gave without an excess of acid being present in the body at all. If, under certain conditions, breathing is considerably accelerated, much CO2 is thrown out, and so we have a lowering of CO2 and an increase of NaHCO3: there is a predominance of the alkali and a tendency for the blood to be alkaline. But then the kidneys throw out the excess NaHCO3 and bring things back to normal. This takes place in flying at high altitudes. The men breathe air in which the oxygen tension is lowered, breathing is increased, and they get rid of more CO2, and so the blood tends to be alkaline. But the kidneys regulate that by throwing out the excess of sodium bicarbonate. The urine of people who fly at great heights is always alkaline, in order to compensate for the increased output of CO2. That is, according to the definition, an acidosis, but it is not induced by excessive alkali; in fact, it is induced by an excessive amount of acid being eliminated.
There are other objections to this definition, but the definition of acidosis now generally accepted is a lowering of sodium bicarbonate in the blood; it follows that in order to maintain the normal blood reaction the CO2 must be lower too. Therefore another factor in acidosis is that the CO2 of the blood is lowered, and consequently that of the alveolar air as well.
An important point to remember is that acidosis is not necessarily dependent on ketosis, and it is really ketosis that we have to deal with. By ketosis is meant a condition of acidosis in which the acids present are organic acids, of the type of oxybutyric acid and aceto-acetic acid. Diacetic acid and its derivative, acetone, are always present in cases of diabetes, and they are the acids which cause ketosis: they are the " ketone bodies." And the best indication of the presence of ketone bodies is acetonuria. Acetone is not itself an acid, but it is derived from acids; so when we get acetone, we know that diacetic acid is present in the blood, together with oxybutyric acid. So in the acidosis of conditions under which acetone is present in the urine, the acidosis is brought about by oxybutyric acid, diacetic acid, and perhaps other acids; at all events, by the members of the ketone group. So we call the condition " ketosis." You may meet with acidosis without ketosis; it occurs in renal conditions in which phosphoric acid lowers the alkaline reserve, and it is not uncommon to encounter a condition in which the NaHCO3 of the blood is much depleted, and yet no ketosis is present. I will briefly refer to the origin of these ketone bodies, because they are present in all the conditions that require insulin after surgical procedures, and after anaesthesia. They are derived chiefly from the fat of the body and to a less extent from the proteins. It is rather important, in view of what I shall have to say, to consider how these bodies are formed. I will demonstrate on the board a long formula, but there is nothing complex in it. The ordinary fatty acid with which we deal in the body is a very simple combination, as at one end of the formula there is CH3, and at the other end COOH, and in between are several CH2 groups-in fact, sixteen of them. Those long groups easily become broken down in the body, apparently by a kind of oxidation. As far as we know, it begins at the COOIH end and cuts off two groups of carbons; they are oxidized and broken up into C02 and H20; then another two are cut off, then another two, and so on until we come to four remaining. You would think the body would also cut those off, but it fails '1 ()0 Section of Animsthetics 9 to do that; it is only with difficulty that the acid can be broken down further. The diabetic body cannot do it, the healthy body can. The organism which is acted upon by anesthetics has difficulty in doing it; the organism which has been subjected to surgical shock has difficulty in doing it. One of the difficulties of ordinary metabolism is to break down this chain of four groups. So oxybutyric acid appears in the urine. From that, another acid, diacetic acid, is formed, or at any rate we consider it is formed; and from that, acetone. According to the present accepted theory-which of course may be wrong-it requires sugar in order to combust those last four atoms. It is this end part which is left unoxidized at surgical operations. So if sugar is not present to any great extent, or in conditions under which the body tends to get rid of stored sugar, i.e., vomiting-there is a danger of an accumulation of these substances; because, if sugar is not present, the metabolism of the fat chips off bits, and leaves the residues, and these apparently cause trouble. They are toxic, or at any rate they are an indication of danger in any particular case. Though there is no precise relationship between the amount of these bodies and the state of the patient, yet there is a general relationship. These bodies occur in the urine in diabetes if sugar is badly broken up; but also in other conditions: e.g., starvation. And the younger the patient, the more likely he is to have those bodies in the urine. Obviously what happens is that sugar is not available. The body burns fat, but without having sugar the ketones accumulate and poison the patient. An ordinary patient will stand a good deal of ketosis, and one can see a diabetic patient surviving with large amounts of acetone in the urirle for some time. But my impression is that the more suddenly this appears in large amount the more dangerous it is. Young diabetic patients suddenly excrete large amounts of ketone bodies and then quickly pass into coma. But you may see "old stagers " passing large quantities without there being any suggestion of coma. Still, when there is a sudden excess of these bodies coma is likely to supervene. After operations in which much antesthetic has been used there is considerable evidence that some of these bodies are present in the system. Anoesthetics act also in another way, for they liberate the stored sugar in the body, so that sometimes glycosuria appears. But even when that does not occur there is definite evidence that the sugar tolerance is reduced. The normal blood-sugar is about 0*1 per cent., and if one gives a dose of sugar to a patient the blood-sugar rises to 0 18 within half an hour, and then within an hour and a half sinks back to the normal level. After an antesthetic the curve comes down more slowly. In some cases not mucn; in others there is a long curve, which means that the mechanism which normally takes the sugar out of the blood is interfered with, and there is a tendency towards the establishment of a potential diabetic condition. So anesthetics sometimes cause a definite ketosis and they are likely to produce changes in the carbohydrate metabolism; these indicate that the patient is not able to deal with carbohydrate to the extent that he was before.
Apart from all that, there is clear evidence that the body cells, especially the liver cells, are less resistant and more liable to toxic conditions when they are depleted of their glycogen. Many experiments have been carried out which prove that conclusively. Some of the most interesting were performed by Professor Graham, of Washington University, who experimented on puppies. He found that when he gave an anasthetic, such as chloroform, to a puppy, the animal was quite well immediately after, however long the anaesthetic lasted; he generally used chloroform, but it seemed to do no harm to the puppy. When he gave puppies phloridzin, which depleted the stores of glycogen in the tissues and liver, then a very small dose of chloroform was fatal, either at once, or shortly afterwards. Puppies have a large store of glycogen in the liver, and when you clear that out you render the cells there very subject to toxic conditions, so that they are injured and ultimately destroyed by the antesthetic. We see this in various conditions, such as the vomiting of pregnancy, where there is a marked acidosis, and the available carbohydrate store is used up; the liver cells in particular become very susceptible to toxic influence, and therefore various derangements of the liver follow, the most marked condition being acute yellow atrophy.
From this it is obvious that, in operative work, you should never starve a patient beforehand. The best condition under which a patient should go to an operation is with his cells containing as much glycogen as possible, within reasonable limits; and the old method of starving patients before an operation is known to have been bad. We see the effect on the liver cells markedly in another direction. It is known that the administration of arseno-benzol compounds (salvarsan, etc.), when the liver is depleted of glycogen; may lead to derangement of the liver; but if you previously give sugar or starch, the incidence of liver involvement is very considerably reduced. I collected statistics on this point some time ago, and the results were exceedingly marked.
Having discussed these preliminary points, I will divide the remainder of the subject into two or three parts. I will first discuss the pre-operative treatment of the diabetic patient who has to undergo an operation.
We have three main points to consider: (1) the diabetic patient who has to undergo a surgical operation; (2) the non-diabetic patient, and (3) of what value insulin is in both these classes of case. First, with regard to the pre-operative treatment of diabetic people. The American schools take the view at least the great majority of them do-that it is essential in the case of a patient with diabetes and with glycosuria to reduce the blood-sugar to the normal and to free the urine from sugar. I daresay this does no harm, but I think it is a very unimportant point; it does not matter, in most cases, whether it comes down to normal or not; as far as I know, it certainly does no harm to the patient to have a certain amount of sugar in his urine or some increase of sugar in the blood. Before operation we take the sugar as a general indication of his condition. But the point you have to consider is his ketosis; how much acetone is present? It is from this that we draw our conclusions, not from the sugar-content of the blood or the urine. It is advisable, if convenient, to get the blood-sugar a good deal reduced, but there is enough proof available indicating that it is not necessary. I believe that in America far too much stress has been laid on that teaching. Some years ago a few people maintained that it was necessary, before operation on the diabetic patient, to reduce the blood-sugar to the normal. Many said that it was not necessary. Then more joined in, maintaining that reduction was necessary, and there are still some who are holding out in persisting in that view. The great thing is to control the ketosis. From the practical point of view, all that one has to do, in estimating the risk of a case from this standpoint, is to examine the urine for sugar and for ketone bodies. The simplest way to test for ketosis is by the ordinary ferric chloride reaction, adding a few drops of ferric chloride to the urine and getting a port-wine colour. That, in conjunction with the sugar test, is all that is required. In a patient who is not very ill you can get rid of the sugar, and to some extent of the acidosis or the ketosis, by reduction of diet or by using insulin. I do not think there is any wisdom in reducing the diet, because this brings the patient into a worse condition; it tends to starve him of any glycogen he may have, and seeing we now have insulin, it is bad practice. Therefore, my view is that the patient who is suffering from diabetes and has the misfortune to have to undergo a surgical operation should be treated with insulin, and his condition should be controlled, as far as possible, by means of it.
The question arises, what kind of dietary shall he receive ? There is much nonsense talked about this. I do not think it matters what diet you give if it is reasonably good, and if you give him sufficient insulin to control his symptoms-that is to say, his glycosuria, and especially his ketosis. Having put him on to a suitable diet it is impossible to talk now about details of diet, much depends on whether he is thin or wasted-give sufficient insulin to bring the patient into a good condition. How much insulin will you give, and how do you know when you are giving enough, and that you are not giving too much ? You obtain urine from time to time and test it for sugar, and give insulin freely as long as the urine contains sugar. If the patient is passing a quantity of sugar, begin with a big dose of insulin, 25 or 30 units. One might give that two or three times a day, taking samples of the urine to see if the sugar is disappearing, in which case the ferric chloride test for the ketone reaction should be performed. and enough insulin given-according to the ketosis-to get the patient into good condition. If the ketosis still keeps high, you must give more insulin, but you cannot do so if there is not enough sugar. So we give an additional amount of sugar to prevent insulin-poisoning reactions; and you increase the insulini until the acetone falls down. If you do that, the patient has as good a chance in an operation as a normal person. There are many statistics bearing on the point in American literature, and the later statistics of the Mayo Clinic show that, taking all operations together, the mortality is not much higher in diabetics than among those who are not diabetic.
There are, of course, various factors which may prevent the patient being got into good condition. When a patient is suffering from some infection and has to be operated upon quickly, it is very difficult to reduce ketosis to the necessary degree. Sometimes large amounts of insulin have little effect. There are patients who require something like 100 units of insulin a day to reduce their ketosis; but ordinarily the control is not difficult. It is of no use getting the patient into an apparently better condition by starvation; that only makes matters worse. Now with regard to treatment after operation. One thing about patients with ketosis is that they require fluid, and so it is well to give a good deal of fluid both before and after operation. After operation it is wise to give two pints of fluid in the twenty-four hours. As a result of the operation, however carefully you may have treated the patient beforehand, he tends to get sugar in the urine, and after operation there will usually be acidosis, and in that stage there may be a tendency to pass into coma. If he is passing a fair quantity of sugar, you can give large amounts of insulin, and you must do so in order to combat the tendency to acidosis.
You must give sufficient sugar to make it safe to give large doses of insulin, because, though I do not believe the statement of the older physiologists, that "fat is burnt in the fire of the carbohydrates," is strictly true, yet it is necessary to give sugar in order to prevent insulin having a bad action. There is some evidence that insulin acts directly on the ketosis without the intervention of sugar; I could bring forward that evidence, but it would be here rather out of place. After operation the patient may not be able to take food in the ordinary way, but generally, except when there is severe vomiting, there is no great difficulty. You can give orange juice (which is about 10 per cent. sugar), glucose, gruel, and eggs: that is a diet which will keep him going with a sufficient amount of sugar. It may be necessary to push insulin largely in those cases. A diabetic patient who is not very ill, apparently not having had much acidosis before the operation, may, soon after the operation, show signs of very marked interference with his metabolism and a very marked tendency to coma.
As long as this tendency is present, insulin should be pushed, even if you need to give 200 units a day. Push the insulin until the ketosis is diminished, because of the definite danger of coma. The exact amount depends on the condition in the individual case; there is no means of finding what amount is required in a given case except by trial.
There is no great difficulty with the diabetic as a rule. We know the principles .X13 on which we should proceed. The simpler we make them the easier are they to follow, and, as far as I understand the matter, that is all that is required.
When we come to the question of the value of insulin in the surgical procedures on the non-diabetic patient, I think the case is far more difficult. It happens, not infrequently, that after operation the non-diabetic patient shows a considerable ketosis: he may show marked glycosuria., and his condition may be serious. But sometimes the general shock of the operation is confused with the ketosi3; the patient is possibly passing a good deal of acetone and is not in very good condition. One often sees a considerable degree of acidosis when the patient is not ill. But when there is a marked ketosis in a non-diabetic patient after operation, something has tobe done. It was noticed two or three years ago by certain American physicians that when there was marked acidosis in non-diabetic patients, there seemed to be better results when insulin was given. It is rather difficult to understand why. The first man who did this in 1923 quoted three cases, in the Journal of the American Medical Association, of non-diabetic patients who showed marked acidosis, and he gave them sugar. The correct procedure in ketosis of that kind is to give sugar, and if the sugar is utilized the acidosis tends to clear up. These patients, however, did not respond very well to the sugar, and after a time he gave them more sugar plius insulin, and claimed that he got good results. It is rather difficult to see how the insulin could have acted beneficially. It is customary in such cases to give sodium bicarbonate, but I do not think there is any proof that thishas been of any value. We have carried out some experiments at St. Thomas's dealing with this question, and considerable work has been done with regard to it by Dr. Goldblatt, who has obtained some extraordinarily interesting results. He starved himself for over forty hours on many occasions and found that marked ketosis was induced, the urine containing large amounts of acetone. Then he took 50 grm. of sugar, and in an hour the ketosis cleared up. On some occasions after starving for forty hours he has taken a dose of 20 grm. of sodium bicarbonate, the sort of thing people frequently do when they have ketosis in surgical and other conditions. But instead of the ketosis clearing up in an hour as it did after sugar alone was taken, lbe still had marked ketosis after eiqht hours. That experiment seems to suggest that it is not necessary-in fact, that it is not good practice-to give sodium bicarbonate in cases of ketosis. It is difficult to see why sodium bicarbonate should have any such effect in acidosis. You might say that it prevents the sodium bicarbonate of the blood getting too low. It has that effect, but even raising the sodium bicarbonate of the blood seems to make no difference.
Dr. Goldblatt also carried out interesting experiments with insulin. He starved himself again until a high acidosis was produced, and then he took 50 grm. of glucose and 20 units of insulin. You might think that this addition of insulin to the glucose would get rid of the acidosis very quickly, but the result was that it had no effect whatever. The sugar in the blood, even after ingestion of 50 grm. of glucose, was reduced to considerably below the normal; there was marked hypoglycamia, and vet it did not reF,ult in any decrease of the time during which the acidosis persisted.
Therefore, taking all these experiments into account, it would seem definitely that sodium bicarbonate is not of much avail, and it is perhaps better to omit it, because it seems to make the condition worse so far as starvation ketosis is concerned. And there is no evidence that the addition of insulin to the glucose in any way helped the acidosis to disappear. The inference to be drawn is that insulin has not a very marked effect in non-diabetic cases after operation in relieving the acidosis.
No doubt the treatment of ketosis of this kind is to give sugar. And the type of case in which we have difficulty is that in which vomiting after operation is very severe and it is difficult to give sugar; then various devices must be employed. It may be necessary to inject glucose intravenously; but usually one can manage by .X14
giving it per rectum, for in some patients absorption by the rectum is rapid, and one can determine that the blood-sugar is increased after an enema of 10 per cent. glucose. But it is possible that following the glucose a dose or two of insulin may help matters. If in a non-diabetic patient with extreme acidosis sugar is present,and the acidosis does not olear up, insulin should be given. And though that patient has, lpresumably, a quantity of insulin in his tissues, yet its production may be temporarily in abeyance, and may be stimulated by giving insulin. It is usually thought that the ailments from which children commonly suffer are dependent on acidosis, because there is acetone in the urine. But, as a matter of fact, this acidosis is only a result of the depletion of food, and in most cases it is a starvation acidosis, which, in children, is brought on very quickly.
To sum up, I think the present position is that in the case of the diabetic who has to undergo a surgical operation, the judicious use of insulin, correlated with diet so as to get rid of the acidosis, will ensure-other things being equal-that the patient has nearly as good a chance as that of a non-diabetic patient. In the case of acidosis coming on in the non-diabetic patient, there is no definite scientific evidence that the use of insulin is necessary or beneficial; if the ingestion of sugar does not give a good result, you would be justified in trying insulin. At any rate, there is definite evidence that the use of sodium bicarbonate, or dependence on it, is wrong treatment. Insulin, no doubt, has transformed the outlook entirely, and made it possible, for the first time, to operate successfully on the diabetic patient.
Discuission.-Mr. HOPE CARLTON asked whether it was certain that in fat oxidation it was always the beta carbon atom which was oxidized, and was the apnoea of acidosis similar to that seen after severe exercise and due to the periodic lactic acid oxidation ? He said he doubted the practical utility of the rectal administration of glucose in acidosis, and preferred its introduction intravenously. He mentioned the frequent difficulty in detecting acetone in the breath even when present in the urine. He asked Professor MacLean to what extent the tox&eniia of primiiary peritonitis or of a bad burn might be due to acidosis, and called attention to the way these conditions responded to intravenous 10 per cent. glucose. He inquired what was the chloride content of the blood in acidosis, since it had been shown to be reduced in the toxvemia of peritonitis. He concluded by calling attention to the value of blood transfusion in the acidosis of infants, and suggested that other therapeutic factors besides glucose were present in the blood administered. Mr. FRANKIS EVANS asked Professor MacLean to explain why it was that ether caused a larger rise of blood-sugar during anesthesia than chloroform. He (the questioner) said that though he hesitated to speak of so sinall a piece of work, Dr. H. L. Wilson, of St. Bartholomew's Hospital, and himself had carried out a little investigation in a few cases dealing with the effect of ether and chloroform on the blood-sugar. The results seemed to show that ether caused a sharp rise, on an average, to 0-18 nmgm. per cent., and chloroform a more gradual rise to 0-14 mgm. per cent.
With reference to Professor MacLean's remarks on liver damage following depletion of glycogen, one case of that series was a good illustration of the point. The patient was a girl aged 12 (operation for hernia lasting twenty minutes). The anesthetic given was chloroform.
The blood-sugar before operation was 0 03 mgm. per cent., rising to 0-14 mgm. per cent. Afterwards she vomited repeatedly for twelve hours, and there was slight jaundice. Fortunately she recovered after the rectal administration of glucose salines had been begun.
Dr. R. D. LAWRENCE said he had closely observed the effect of different aneesthetics on diabetics. He had had no experience with chloroform, as he had avoided it on account of its bad reputation for toxic action on the liver cells. But he had found that ether and gas-and-oxygen exercised an imniediate effect in raising blood-sugar, and an after-effect in depressing carbohydrate tolerance and increasing insulin requirement. This was not due to the aneesthetic alone, because spinal or local anesthesia produced a similar, though slighter, effect. In these circumstances the upset of carbohydrate metabolism must be due to the general shock of the operative procedure, probably through stimulation of adrenal activity. The hyperglycemic effect of gas was probably due to the accompanying asphyxia and in the absence of the latter sometimes no hyperglycemia had been noticed.
He agreed with Professor MacLean that with proper insulin treatment the diabetic could be regarded as a normal subject for operative purposes. He had prepared and followed fortytwo cases through all sorts of operations with only one death, which occurred in coma after an amputation for septic gangrene, in spite of the administration of large doses of insulin. He had frequently found the post-operative treatment of diabetics very difficult and exacting, and did not think that the best results could be obtained in difficult cases without a considerable experience in the use of insulin, and without control by blood-sugar estimations.
Professor MAcLEAN (in reply) said he thought the amount of hypoglycemia was largely dependent on the interference with ordinary oxidation due to the giving of an anesthetic. In many cases chloroform caused a sufficient rise in the blood-sugar to produce glycosuria, and that carried one back to the days preceding blood-sugar estimations. Taking a large number of cases, there was a great difference between them in this respect. There was a suggestion that ether combined with insulin and rendered the insulin inert; he did not know whether that was so. If in the case mentioned by Mr. Frankis Evans the blood-sugar went down to 0 * 03, there must have been a great depletion of the carbohydrate, and the state of the liver cells was beginning to become toxic; the child would therefore have died if it had not received carbohydrate. In that type of case sugar should be given; whether insulin should also be given he did not know. The investigation ought to be continued in order to find out whether ether did cause such a rise in the blood-sugar. With regard to the difference between chloroform and ether, in 1907 the late Professor Moore, of Liverpool, concluded that glycosuria with chloroforin depended on the asphyxia associated with the administration of the chlorofornm, which also was very toxic to liver cells. With regard to two molecules of a fatty acid being cut off, not one, that was based on Knoop's experiments. Knoop showed that the splitting took place in each second column. He did not think beta-oxidation was a proved fact, for there was some evidence that there was something more. Of course, the interpretation put upon Knoop's work might be wrong.
One would not expect absorption of glucose per rectum-l to be as rapid as from a vein, and when there was urgency, or something drastic was required, the intravenous method of Johnson's treatment should be chosen. Still, the blood-sugar could be seen to rise soon after injection of glucose up the rectum. In cases of severe insulin poisoning glucose should be given intravenously. With regard to the " apple-sweet " odour of the breath in patients with acidosis, some people said there was no such thing, but he was convinced that there was. The explanation of the different views seemed to be that not all were endowed with a sufficiently keen sense of smell. For his own part, he could tell at once when he came near a patient who had acidosis and had been vomiting, and sometimes when he asked others near whether they detected it they answered that they did not. That he had never been wrong in that assumption was proved by subsequent examination of the urine for acetone.
Before answering the question as to acidosis and toxoemias, he would have to fall back on the definition of acidosis and the definition of toxaemia. There were many toxammias without acidosis, in the sense of the presence of organic acids in the blood. In most cases of toxmmia there was acidosis, in the sense of a lowering of the sodium-bicarbonate content. But whether that was dependent on the toxaemia, per se, or on the generallv debilitated condition of the patient and the disorganization of the normal mechanisms, it was impossible to say. He did not think there was a relationship between acidosis and sodium content of the blood, but here again, did one mean ketosis, or the ordinary acidosis which might be caused by other conditions, in the sense signified by van Slyke?
With regard to blood transfusion, he thought injection of glucose was a better method of relieving acidosis, though he admitted there was a marked effect from blood transfusion. Acidosis could be quickly got rid of by administering glucose by the mouth, and even mlore quickly by injection into a vein.
Hehad had no experience with insulin in delayed chloroform poisoning, but he felt that in such a case insulin would not do very much, because of the deficiency of glycogen in the liver cells, and it was not likely that when a certain point of degeneration had been passed there was any regeneration of those cells. He thought that the importance of the cells being well nourished and their resistance being maintained by keeping up the glycogen content were not sufficiently recognized in surgical work: it was easy to bring about depletion, especially after much vomiting, and particularly so in children.
